Abstract Little data on cutaneous squamous cell carcinoma (SCC) epidemiology within the United States are currently available. Prior studies have focused on populations outside of the United States or been limited to regions within the US. In this study, prospective data were collected via biennial questionnaires from a total of 261,609 participants, which included women in the Nurses' Health Study (NHS, 1976(NHS, -2008 and Nurses' Health Study II (NHS II, 1989-2009, and men in the Health Professionals Follow-Up Study (HPFS, 1986(HPFS, -2008. History of physician-diagnosed invasive SCC was confirmed by pathology record review. Over the entire follow-up period for each cohort, there were 1,265 invasive SCC cases per 100,000 persons in the NHS cohort, 389 cases per 100,000 persons in NHS II, and 2,154 cases per 100,000 persons in HPFS. An 18-year follow-up of participants in these cohorts revealed increasing invasive SCC incidence rates over time, with rates for men being consistently higher than those for women. In women, a larger proportion of invasive SCC lesions occurred on the lower extremities as compared to men (21 % in NHS vs. 6 % in HPFS, p \ 0.0001; 14 % in NHS II vs. 6 % in HPFS, p \ 0.0001), while in men, a larger proportion occurred on the head/neck (43 % in NHS vs. 60 % in HPFS, p \ 0.0001; 48 % in NHS II vs. 60 % in HPFS, p \ 0.0001). In summary, invasive SCC incidence rates among US men have been greater than those for women with distinct sites of common occurrence between men and women.
Introduction
Over the last few decades, there has been increasing recognition of the personal and economic burden of cutaneous squamous cell carcinoma (SCC) across the world. Our understanding of SCC epidemiology within the United States has been hampered by lack of data. Large national cancer registries, such as the Surveillance, Epidemiology, and End Results (SEER) program, do not collect data on SCC incidence and mortality data. Previous studies have provided a glimpse into SCC trends within the United States.
An estimate of SCC incidence for the United States in 1994 was 93,000-157,000 cases in men and 42,000-95,000 cases in women [10] . More recently, for the year 2012, Karia et al. [9] estimated invasive SCC incidence rates in the United States of 139.8 cases per 100,000 person-years for men and 49.6 cases per 100,000 person-years for women. Unfortunately, other estimates of SCC incidence rates have been limited to specific states or regions within the United States. For the 1993-1994 period, a study of SCC cases in the New Hampshire population calculated incidence rates of 97.2 per 100,000 person-years for men and 32.4 per 100,000 person-years for women, increases of 235 and 350 % from the 1979-1980 period, respectively [8] . Age-adjusted incidence rates for non-melanoma skin cancer (NMSC), which includes SCC, approximately doubled from 1977-1978 to 1998-1999 in a study of north central New Mexico [1] . Among men, the rate increased from 187.5 to 356.2 cases per 100,000 person-years, while among women, the rate increased from 71.8 to 150.4 cases per 100,000 person-years [1] . Another analysis of nonmelanoma skin cancer used claims data on the Medicare population to estimate a 4.2 % annual average increase in non-melanoma skin cancer cases from 1992 to 2006 [12] . Unfortunately, since these studies, little work has emerged to clarify recent changes in SCC incidence in the US, especially to detect impact from increased awareness, public health interventions, and changing personal sun exposure habits. Of note, even less is known about invasive SCC, which, in comparison to the in situ form, generally carries a worse prognosis.
Cutaneous SCC merits additional attention as it is one of the non-melanoma skin cancers. These cancers are a significant source of US health care costs, among the top five costliest cancers for Medicare [6] . Knowledge of SCC incidence and at-risk populations may aid in curbing these escalating costs.
Our goal was to analyze trends in invasive cutaneous SCC incidence trends over the last few decades in both women and men. Results for this study came from three large, prospectively followed cohort studies of health care workers: an older cohort of women in the Nurses' Health Study (NHS), a younger cohort of women in the Nurses' Health Study II (NHS II), and men in the Health Professionals Follow-Up Study (HPFS).
Materials and methods

Study populations
The Nurses' Health Study (NHS) is a prospective, longitudinal cohort study in which 121,701 married, registered, female nurses aged 30-55 were enrolled in 1976 after they completed and returned a mailed questionnaire inquiring about their medical history and lifestyle risk factors. NHS II was established in 1989 when 116,686 female nurses aged 25-42 completed and returned a mailed baseline questionnaire. Participants were initially limited to 11 and 14 states, respectively, but now reside in every US state. The Health Professionals Follow-Up Study (HPFS) was established in 1986 with 51,529 men aged 40-75, employed in a health profession, and living in all 50 states. In all cohorts, a mailed questionnaire was administered to each participant biennially inquiring about disease history, exposures, and lifestyle habits. A response rate exceeding 90 % has been achieved in each follow-up cycle. The cohorts are each approximately 97 % Caucasian, reflecting the ethnic background of registered female nurses and male health professionals nationally at the time of cohort inception.
Ascertainment of SCC cases
Participants in the cohorts reported new cases of firstincident in situ or invasive SCC biennially. Thus, individuals who developed more than one SCC were counted only for their first lesion. Information on the cumulative number of SCC lesions was collected through 2008 in NHS, 2009 in NHS II, and 2008 in HPFS. All cases of SCC were verified from primary histopathology reports by study physicians and classified as in situ or invasive. Individuals with a prior history of any cancer were excluded from analysis to minimize detection bias. In addition, individuals who died during the follow-up period were excluded from analysis. Since the cohorts were all greater than 95 % Caucasian, non-white participants were excluded from analysis. The study was approved by the Institutional Review Board of Brigham and Women's Hospital. We considered participants' completion and return of the selfadministered questionnaire as informed consent for the present study.
Ascertainment of exposure and phenotypic data
Across all three cohorts, the following data were collected through questionnaires: (1) family history of malignant melanoma in first-degree relatives, (2) the number of nevi measuring 3 mm or greater on an extremity, (3) natural hair color at age 21, (4) skin burning reaction after 2 or more hours of bright sun exposure during childhood/adolescence, and (5) the number of lifetime severe or blistering sunburns. Family and personal disease history is updated with each questionnaire cycle. For the nevus count on an extremity, the left arm (shoulder to wrist) was used in NHS, the bilateral lower legs (knee to ankle) were used in NHS II, and the bilateral forearms (wrist to elbow) were used in HPFS.
Statistical analysis
To determine the statistical significance of differences in the proportion of SCC lesions occurring at particular body sites in men and women, we used the z test for proportions to compare proportions from two independent samples. All P values were calculated from 2-sided tests and a p value \0.05 was considered significant. Table 1 and Supplementary Table 1 list descriptive statistics for individuals who have been diagnosed with invasive or in situ SCC, respectively. For invasive SCC, there were 1,265 cases per 100,000 persons in NHS, 389 cases per 100,000 persons in NHS II, and 2,154 cases per 100,000 persons in HPFS (Table 1) . For in situ SCC, there were 681 cases per 100,000 persons in NHS, 272 cases per 100,000 persons in NHS II, and 736 cases per 100,000 persons in HPFS (Supplementary Table 1 ). For individuals diagnosed with invasive or in situ SCC, the mean ages were similar for the NHS and HPFS cohorts, while the NHS II women were younger. Among the cohorts, there were similar proportions of individuals with phenotypic and exposure characteristics of interest. However, the NHS II cohort (composed of younger women) had a greater proportion of individuals with a large number of extremity moles as compared to the NHS I and HPFS cohorts. Also, the HPFS cohort had a higher proportion of men with six or more sunburns.
Results
To enable comparisons in SCC incidence trends among the cohorts, each of which began in a different calendar year, participants aged 35-45 at the first year of data collection in each cohort were followed for 18 years. Invasive and in situ SCC incidence rates were calculated for these subsets of the three cohorts and are shown in Fig. 1 and Supplementary Fig. 1 , respectively. To compare invasive and in situ SCC incidence rates, the ratio of invasive to in situ SCC incidence rates was calculated at 6-year intervals ( Table 2) . For all three cohorts, the ratio tended to be greater than 1, indicating a greater invasive SCC incidence rate as compared to that for in situ SCC. For men, the ratio rose from 0.9 to above 1 during the follow-up period. Figure 2 summarizes the percentages of all incident invasive lesions that occurred at each body site. The majority of lesions occurred in the head or neck region. There were two sites with striking differences between women and men. Head or neck SCC lesions accounted for a larger proportion of all invasive lesions for men than for women (60 % in HPFS vs. 43 % in NHS, p \ 0.0001; 60 % in HPFS vs. 48 % in NHS II, p \ 0.0001). In comparison, lower extremity invasive SCC lesions (thigh, buttock, leg, ankle, and foot distribution) accounted for a larger proportion of all invasive SCC lesions for women than for men (21 % in NHS vs. 6 % in HPFS, p \ 0.0001; 14 % in NHS II vs. 6 % in HPFS, p \ 0.0001). These body site distribution disparities were similar for incident in situ SCC lesions (Supplementary Fig. 2 ).
Discussion
A number of studies have provided glimpses into SCC trends at different points in time during the past few decades. None has provided a continuous examination of incidence rates over such a span of time. Furthermore, even less is known about the invasive and in situ forms of SCC individually. In this study, we followed cohorts of women and men over several decades, collecting information on first-incident cases of invasive and in situ SCC.
To examine incidence trends, we studied participants who were aged 35-45 at the inception of their cohorts. In the three cohorts of women and men, the incidence rates of invasive SCC increased, consistent with an increased incidence as women or men age. Interestingly, the invasive SCC incidence rate for men was consistently greater than those for women in the NHS and NHS II cohorts, respectively. Men in our study developed invasive SCC at a higher rate than women, suggesting sexual differences in the development of advanced SCC. While biological differences may contribute to the greater occurrence of invasive SCC among men, differences in sun exposure habits between women and men may have predisposed men to these more advanced lesions. Furthermore, men may be less likely to perform skin exams and seek appropriate medical care for suspicious skin lesions, allowing any diagnosed SCC to be more advanced. Such appears to be the case with melanoma, in which men are less likely to conduct self-skin examinations and experience greater melanoma mortality rates than women [4, 11] . Of note, a higher proportion of men who developed invasive SCC had a history of 6 or more sunburns as compared to women who developed invasive SCC (43 % in HPFS vs. 12 % in NHS and 16 % in NHS II), which may also have contributed to the higher incidence of invasive SCC in men.
Other studies have shown greater SCC incidence rates in men as compared to women. In 1987, the age-adjusted incidence rate for SCC among men in British Columbia was 31.2 cases per 100,000 people as compared to 16.9 cases per 100,000 people among women [3] . In a study of SCC cases in New Hampshire, the age-adjusted incidence rates for men were 97.2 cases per 100,000 person-years vs. 32.4 cases per 100,000 person-years among women [8] .
Meanwhile, the invasive SCC incidence rates for women in the NHS and NHS II cohorts tracked similarly over time, despite the approximately one decade gap between the first years at which these cohorts were followed. From the 1980s until the present day, there has been increasing awareness of skin cancer and the need for sun protection. The similarity in incidence trends among two groups of women from different decades suggests that past exposures, such as ultraviolet radiation exposure during childhood, may play a large role in the occurrence of SCC years later.
In contrast to invasive SCC, the incidence rates for in situ lesions increased similarly for all three cohorts. When comparing the ratios of invasive to in situ SCC incidence rates in the three cohorts, we find varying trends. Among men, the ratio remained above 1, meaning that invasive SCC incidence rates were above those for in situ SCC. Among women in the NHS cohort, the ratio decreased towards 1, which may be the result of the improved early detection of SCC lesions in their in situ form. Similar findings have been reported. A study of patients from Alberta, Canada showed that the incidence rate for invasive SCC lesions was greater than that for in situ SCC lesions [7] . Furthermore, the gap between incident invasive and in situ SCC narrowed from 1990-1994 to 2000-2004 [7] , similar to the rise in our ratios toward 1 in the NHS cohort. These authors suggested that the gradual rise in the amounts of incident in situ lesions relative to invasive lesions may be the result of greater awareness and screening of skin cancer, leading to earlier detection of SCC [7] . Aside from increasing age, several reasons may fuel the rise in SCC incidence rates, including changes in sun exposure habits, artificial UV tanning bed use, ozone depletion, or increases in life expectancy [2] . With regard to our study, the migration of female participants in the NHS and NHS II cohorts from a smaller collection of states at the beginning of the follow-up period to all 50 states by the end may partly explain increases in SCC incidence rates if these participants migrated to states with increased sun exposure. It is important to note that there was no similar migration among male participants in the HPFS study, who were based in all 50 states at the outset. Yet, the incidence rates of SCC rose greater in the HPFS cohort than in the two female cohorts over time.
Other exposures associated with increased SCC, such as immunosuppression and chemical carcinogens, also may be fueling the rise in incidence rates. Despite public health efforts to decrease UV exposure by encouraging individuals to stay indoors during peak UV hours, increase sunscreen use, and reduce ultraviolet tanning bed use, our data emphasize the challenge of cutaneous SCC and the need for improved efforts to reduce its development. Outside of these presumed causative factors, we may also attribute a portion of these increases in incidence rates to improved surveillance and detection.
Results from this study also highlight the differences in SCC incidence between men and women. The disparate body site distributions of SCC lesions between women and men may reflect differences in sun exposure habits, such as clothing and recreational activities. Lesions of the head or neck accounted for a greater proportion of all lesions in men as compared to older women, while lesions of the lower extremities were more common in older women. Nevertheless, SCC occurred most frequently in the head or neck region for both sexes, consistent with findings in other studies [1, 3, 5, 7, 8] . Though our cohorts were composed exclusively of health professionals, variations in occupational exposure to the sun also might explain differences in SCC distribution between the sexes in the general (i.e., non-health care worker) population.
A limitation of this study is that the cohorts examined may not be representative of the US population. These populations were composed of Caucasian female and male health professionals, who may have had different sun exposure habits and access to health care as compared to the general population. In addition, attempts to describe in situ SCC trends may be limited, as pathologic definitions of what constitutes in situ SCC vary. Certain lesions may be interpreted as benign, while others cross the threshold for interpretation as malignant and are consequently labeled in situ SCC. Furthermore, in practice, only some in situ SCC lesions are biopsied, and many are treated empirically without biopsy. Despite these complications, we believe our high-quality data are still useful in providing an approximate sense of increases in diagnoses of in situ SCC over time.
A number of strengths accompanied this study. There were a large number of participants who had regular follow-up over several decades with a high response rate. With 3,103 incident invasive SCC lesions and 1,525 incident in situ lesions, this analysis is among the largest studies to date. In addition, the similar occupations, socioeconomic status, education level, medical knowledge, and health care access of participants in these cohorts allowed for more homogeneous populations. The consistency of findings across the three cohorts increases the validity of the data. Lastly, all primary pathology reports were reviewed by an experienced dermatologist (A.A.Q.), minimizing misclassification of the outcome (invasive and in situ SCC).
Non-melanoma skin cancer, including squamous cell carcinoma, can result in substantial morbidity and account for a significant burden on the health care system. This analysis provides further evidence that the health care impact of this disease is ever-growing, with invasive SCC incidence rates in men outpacing those of women. SCC incidence may be impacted by addressing modifiable risk factors to lessen behaviors leading to SCC as well as improving screening of susceptible individuals.
